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Aircraft of the Future 
A Statement of What Remains To Be Done, and the Directions in Which the Doing Seems to Lie 

By C. H. Claudy 

ACCORDING to their advertisements you can, for a 
1"\. dollar, get a "crystal reading" or a "spirit proph
ecy" or a "delineation of your future" from dozens of 
"mediums_" AC<'Ording to universal human ex,perience, 
prophecy 'goes wrong more often than it comes out 
according to specifications. So let it be said at the 
outset that this "delineation of the future" of the air
·pla.ne is not intended as a prophecy but as a sober 
exposition of possibilities, based on a statement of the 
unsolved problems in aeronautics as formulated by no 
less a body than the National Advisory Committee for 
Aeronautics, instituted by Uncle Sam and transmitted 
in the form of an elaborate report to Congress by 
President Wilson. 

If the future ever is foretellable in the way which 
will have credence from men of Science, it will be 
merely as we foretell eclipses of the moon-by a thor
ough knowledge of the laws governing the phenomenon. 
It is a familiar truism that the unsolved problem of to
day is the commonplace of the morrow, always provid
ing that the unsolved problem has a sufficient demand 
for solution to interest b�ains and money in its 
solving. 

In spite of the fact that the United States is woe
fully backward in all that appertains to aviation, the 
world has demonstrated that the art of flight has come 
to stay and is to play a great part in peace as well as in 
war. The stern necessity to solve the unsolved prob
lems of today will as inevitably solve them, as stern 
necessity devised the audion, ductile tungsten, the X-ray 
and a thousand other marvels. Simon Newcombe dem
onstrated mathematically that man could never fly a 
heavier-than-ruir machine. It was a·ecepted as an 
axiom that the composition of the stars 
waf< unknowable-until Fraunhofer came 

simple trick of not enlarging our planes as a whole. We 
do not make a big plane line for line like a small one. 
We do not have to make a large wing geometrically 
similar to a small one. We can lighten as we en
large; lattice takes the place of solid, tube replaces 
rod. l\loreover, the wing, which supports, weighs least 
of any of the three great members of a plane-wing, 
fuselage and power plant. We may extend wing area 
and get increased lift without even squaring, let alone 
cubing, the weight-if we can engine the whole. If we 
can master the aerodynamiC problem of multiplying 
wings without interf('ring the one with the other, there 
may be no limit to the size of our future planes. 

'Ve can safely prophesy, then, that when the demand 
comes for a huge plane, capable of carrying not its 
tens and twenties but its hundreds of people, not its ton 
or ten tons but perhaps its hundreds of tons of weight, 
there is no structural or scientific reason why that size 
should not be had. In other words, the plane of the fu
ture will be to the plane of today what the "Leviathan" 
of the sea of today is to the "Clermont" of yesterday. 

No one familiar with airplanes of today who knows 
that as speed increases wing areas diminish, and that 
as wing areas increase speed diminishes, :but u.nder
stands the real need for some practical plane of wing
area variartion during flight. A very high-speed ma
chine is a dangerous thing when it comes to landing 
if the field is .not huge and smooth, because it must 
land at high speed. A plane that lands safely on fairly 
rough ground can accomplish little in speed. Either 
variable areas or variahle camber (curvature), or both, 
may easily be accomplished upon the designer's board 
or in 1lI0dei form, but so far no wholly practical. sOlu-

sources will no longer yield the supply we now use." 
"How much power can we put in an airplane? How 

much power from a Single cylinder? A Single engine? 
A single airship?" The committee sees nothing in the 
way of multiplication of cylinders in one engine up to 
eighteen, and nothing in the way of multiplication of 
engines even beyond four. It does not 'believe much 
more than forty horse-power per cylinder can be de
veloped along present lines or that cylinders can be
come much larger but figures that if a 2,500.horse
power power plant is called for, it could be designed 
(several engines) and that even larger collections might 
he possible. It defines the limitation largely as a 
problem of cooling, but it seems safe to· state that the 
airplane of the future will have all the power it needs 
unless, indeed, its needs become Gargantuan beyond 
present-day visions of possibilities. None foresaw the 
enormous horse-power of ocean vessels of today when 
steam was first applied to ship, or of locomotives whoo 
the Rocket first puffed her uneven way, or of automo
biles when Daimler first chugged in his one-lung vehicle. 

Mixing the Fuel and Touching It ott 

The carburetor is still an unsolved problem for the 
automobile: much more so for the airplane, which 
changes its level by thousands of feet. That the air
plane of the future will be independent of pressure and 
chemical-constitution-of-the-air variations due to alti
tude seems unquestionable. 'Vhether by forced air 
feed or an oxygen tank or some other method must be 
left to the future to decide. Whatever the solution the 
carburetor of the future will function as wen at high 
altitudes as at low ones, will supply an even mixture 

for each and all of any multiplicity of 
cylinders, and an even quantity of mix

on the ·scene. Alwa)'s, when the demand 
has been great enough, we have solved 
our problems. To state, then, the prob
lems yet unsolved is to foretell to some 
extent What the future may be. 

With What Shall We Build 1 

The committee lists as the first out
standing problem in air.plane construction 
the matter of material. It lays down this 
as axiomatic: "'Ve may, however, !;Ie 
well assured that however good may be 
any solution we may reach of the many 
problems presented to us in the industrial 
arts, there are, as a matter of fact, series 
of better ones only waiting our patient 
study." In other words, no matter how 
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ture to each cylinder, will not be affected 
by changes in inclination and will be 
accident-proof, that no failures occur in 
mid-air. 

Ignition is still a problem, strange 
though the word sounds to those who 
marvel at the perfection of generator, 
battery. magneto, wiring diagram and 
spark plugs of today. The ·committee 
says: "If we can anticipate the explosion 
engine of the year 1970, assuming that 
our grandchildren are still dependent 
upon hydrocarbon fuels at that date, it 
would seem as though some more simple 
and direct mode of initiatinJ the combus-
tion in the cylinders would have been 
found. On the law of probability the 
chances are overwhelmingly against our 
having at the present moment developed 

skilfully we use wood or metal or wood 
and metal to make a skeleton and fuse-
lage, there are better ways and better combinations pos
sible, a.nd unknown poRsibilities in the use of new alloys, 
and some of the new steels of unheard of strength for 
their weight. That the optimum construction even with 
present materials has been reached is not admitted by 
the committee; that untouched fields in materials, 
forms, and combinations lie waiting the investigator is 
stated as a fact. It can then be predicated upon the 
Whole history of construction of other bodies which 
must at the same ti·me be strong and light, that th(' 
airplane of the future will be in all probability built of 
metal rather than of wood, and that its str('ngth will 
be no less in pro.portion to its weight than today, and 
probably much greater. 

The problem of materials is so closely hound up 
with the problem of size that the two can hardly be 
considered apart. The committee asks of size "Is there 
a limit? If so, what is it? Why is it? And how 
may it be removed or extended?" and then proceeds to 
answer itself ·by stating the factors of the size limit as 

. we know them today. 'Weight increases as the c.ube, 
while areas of supporting surfaces increase as the 
square, or dimension. It se('ms o hvious enough, then, 
that taking any given speed of plane and size of power 
plant as a standard, there must come a point when the 
whole cannot be made larger without becoming too 
heavy to fly. 

The Problem of Size 

Yet these same laws obtained when Wright first flew 

in a forty-foot plane, and when the huge Capronis of 

today were not el7en dreamed of. We have escaped 
this law so far and there seems no reason to think we 
may not continue to escape it. We escape it by the 

tion of the problem in actual machines has been at
tained. 

It seems obvious, th('refore, to say that the plane of 
the future will have the speed of the high-speed planes 
of today and the safety and slowness of low-speed 
planes of today, at will. Indeed, a completely success
ful variable-area and variable-camber wing outfit 
would probably solve the problem of the landing field 
and permit landings in small spaces, perhaps even upon 
the roofs of city buildings, and yet with safety. 

The Engine and the Fuel 

The problem of motive power is in a constant state 
of flux. No consideration can be given to it without 
drawing an imlIlediate dividing line between the proba
ble and the possible. The probable power of the future 
in the light of the present is an internal combustion. 
engine presumably burning gasoline or other light 
volatile liquid. The possible powers '3.re numerous
wireless power, electriC power, liquid gas power, high
explosive power, steam power, bithermal power-all 
these are possible in the sense that they are yet largely 
untried. The committee confines its attention to the 
probable development of existing air.plane engines, 
and lists among the main outstanding engine problems 
the problem of fuel, the problem of how much power 
to an engine, of how powerful a power plant may be, 
the carburetor, of ignition s�'stems and of maintenance 
of power at high altitude. The committee finds that the 
present-day refined motor fuel for aviation engines 
nearly approaches the ideal; "a long look ahead shows 
that a serious problem must he met before many 
decades," and the committee ma\,es no suggestion in 
regard to what will happen "when present petroleum 
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the very best method of ignition." This would seem 
to presage some sort of thermal tube, or even ignition 
by compreSSion, Ii la Diesel engine, but the present 
scribe ventures no further than to state the apparent 
fact that the airplane engine of the far future will not 
depend upon a complicated and delicate electrical sys
tem to fire the charges in its system-at least not if 
careful research can find a better and Simpler way. 

Divorcing Power from Altitude 

An airplane normally loses horizontal speed as it 
ascends to higher altitudes. The reason is in the one 
factor which remains fixed while everything else 
changes with altitude. That one factor is the weight 
which, while it does change mathematically with re
moval of the mass from the center of the earth, does not 
change practically. While decreased supporting power 
of the air (due to its rarity) is compensated for by 
decreased resistance as far as headway is concerned, it 
is nevertheless true that the weight, remaining the 
same, must be kept up in the more rare medium by a 
greater angle of attack of the wings upon the air, which, 
drawing from a fixed amount of power, requires more 
power for translation into weight support and leaves 
less for propulsive effort. Moreover, while the same 
amount of cubic-inch displacement remains in each 
cylinder regardless of altitude, what goes into the 
displacement is less and less as altitude gets greater 
and greater. The plane which is normal-powered for 
low altihldes is under-powered for high altitudes. 
That some solution will he found, either in design or in 
the use of air compressors, seems ohvious. Certainlv 
the airplane of the future is not to be handicapped by 

(Confi.nued on page 532) 
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And this is due to the vastly superior cutting quality of 
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sion of the test, the piston showed very 
little wear and the cylinder none. 

A recent test in a plant of a well-known 
manufacturer of motors showed that these 
motors developed six horse-power more 
with the new metal pistons than they had 
ever developed before with any other ma
terial. In spite of the rather ample clear
ances with which these pistons are in
stalled in the cylinder, no case of oil 
pumping has yet been recorded and the 
objectionable piston slap is absent. The 
possible applications in the automobile 
and in airpla.nes are apparent to the au
tomotive engineer. 

A Giant Ingot Mold Casting in the 
Making 

(Continued from page 519) 

Owing to the height of the casting, and 
the consequent high head of liquid metal, 
it can readily be seen that the pressure 
at the bottom of the mold would be a 
serious factor in pouring this casting; in 
fact, the pressure at the bottom would be 
so great that there would be a tendency 
to crush the core and force the walls of 
the mold inward, thereby reducing the 
diameter of the casting at this point. One 
of the problems, therefore, was to con
struct the core so that it would be suffi
ciently strong to withstand this crushing 
tendency and at the same time be suffi
ciently pliant so that it would yield to 
the shrinking process which takes place as 
the casting cools. It should be suffiCiently 
porous to allow the escape of the gases 
that are generated in the core through 
contact with the heat of the molten metal. 
As the rate of shrinkage in the diameters 
at the bottom of the mold would be dif
ferent from that at the top, it was, of 
course, necessary to regulate the diame
ters of the core and mold at the top and 
bottom to such a degree of nicety that 
when completely cooled and all shrinkage 
had ceased, the resultant diameters would 
he alike at both ends of the casting. One 
of the illustrations shows the special core 
heing lowered into the mold in the ground. 
The weight of the finished casting was ap
l)roximately 114 tons, but to pour it there 
was provided a total quantity of 135 tons, 
the excess representing gates, runners and 
the riser which was cast on the mold as 
mentioned. In order to have this large 

I 
quantity of metal ready for pouring at 
one time, it was necessary to make special 
provision for storing a large portion of it. 
This was done by building adjacent to the 
mold a large reservoir with a capaCity 
of 70 tons. This reservoir was made up 
of cast iron pigs and properly lined with 
fire brick and clay to hold the molten 
metal. In addition there were three 
ladles of molten metal holding respectively 
25, 30 and 10 tons. The 70-ton reservoir 
was connected to the mold by means of a 
trough, and at the proper moment the plug 
at the bottom of the reservoir was with
drawn and the molten metal released and 
conveyed to the mold through the trough. 
At the same time the ladles were poured 
into the mold through other similar run
ners. 

Aircraft of the Future 
(Continued from page 520) 

small variations' in altitude as are the 
planes of today, for the whole use of the 
air as a means of transportation means 
the use of all levels Where life can be 
sustained, and the running of passenger 
and freight planes where they will meet 
the least resistance and consequently op
erate with the greatest economy. 

The problem of the air-screw (pro
peller) receives a great deal of attention 
at the hands of the committee. They 
summarize the outstanding problem as 
one involving the construction of a screw 
with blades adjustable in pitch. The 
problem is twofold, involving (1) deter
mination of its aerodynamic proportions 
and pitch so that under widely varying 
conditions of flight at varying altitudes, 
varying speeds and varying degrees of 
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Climbing, the screw may present always 
the most satisfactory curvatures to ac
complish the desired end with the avail
able power; and (2) the construction of 
such a screw. 

The determination of the theoret.ical 
proportions is a problem well in hand. 
The making of such a propeller which 
shall properly function has not yet been 
achieved. So it is proper material for 
a prophecy to the effect tha t the airplane 
of the future will have adjustable pro
pellers capable of combining with its va
riable wing-surface and camber to pro
duce variations of speed, lift and revolu
tion-per-minute, to the end that a plane 
be able to function most effectively at 
many speeds and altitudes with the mini
mum of power and weight. 

The committee finds that the greatest 
problem of all is the "best economic 
utilization of the enormous investment 
whi'ch has been made in aeronautical pro
duction, expressed in terms of money and 
human time and energy." 

Basing, then, the final prophecy upon 
the final problem, it seems inevitable to 
state that the plane of the future will 
have at least as great a part to play as 
steam transportation has had in the devel
opment of civilization. That the airplane 
will eventually make war impossible be
cause too destructive of civilian life is 
the hope of those who see universal 
peace not as a vision but as a practical 
possibility. That the airplane will elimi
nate time and distance in a wholly new 
sense is already assured. That it can 
only do so commercially by being made 
entirely safe and' wholly economic is ob
vious. That the path to these desired 
fields lie through the speedy solution of 
mechanical problems here outlined hardly 
needs demonstration-that this "prophecy" 
of what the plane of the future must be is 
based upon concrete facts and not at all 
upon fancy is its only excuse for being. 

Our Coal in the Making 
(Continued froll� page 522) 

ward speed of the tractor-like machine 
is such that enough raw material is ex· 
cavated, macerated and dried to prepar� 
from 5 to 10 tons of dry fuel for each 
working hour. The machine may be op
erated by gas or electric motor, but about 
50 horse-power is required. One man 
operates the machine. The cost of peat 
fuel, so prepared, Mr. Garnett estimates 
at about $2.25 per ton at the swamp. 

During the process of maceration a 
glue-like substance held in the plant cells 
is liberated and this acts as a cement for 
holding the briquets together and as a 
waterproofing agent. It will be noted that 
the raw peat is placed on the ground, 
which is, first, the easiest place to put 
it; and, second, has the advantage of 
keeping the under side of the bricks moist, 
permitting the moisture to be driven up
ward by contraction of the bricks. Bricks 
dried in racks often crack to pieces due to 
rapid surface drying. After the bricks 
are dried they are taken up by hand and 
then are run through a crusher and de
livered to the consumer for hand firing, 
the same as crushed coke, the size being 
determined by local requirements. 

A Minneapolis company has made ex
tensive experiments in the preparation of 
a pulverized fuel from this peat and they 
ha ve obtained surprising results in firing 
pulverized peat in competition with pul
verized coal. 

Tests recently run in a big office build
ing in Minneapolis showed that the evap
oration per pound of coal was only ten per 
cent higher than per pound of peat. This 
appears to contradict the fac! that the 
B.t.u. value of the peat was only about 
two-thirds that of the coal. But credit 
is not given in the B.t.u. test for the fact 
that the peat contains very little carbon 
and burns with almost no ash, and in ad
dition contains oxygen of its own, which 
the coal must obtain from the air. This 
latter is a very important conSideration, 

(Continued on page 534) 


